Fifty years ago, health care providers first reported on the entity we now call sudden infant death syndrome (SIDS) [1] . Through continued investigation and interventions, significant progress has been made in decreasing the incidence of this tragic, yet not uncommon cause of death in infants. This review of the literature updates the reader on the definition, epidemiologic trends, risk factors, and proposed etiologies of SIDS. It also provides commentary on potential future directions in further reducing the number of SIDS victims in this country and throughout the world.
Definition and description
Over time, there has been a change in how we define SIDS. Until recently, the definition has been the sudden death of any infant or young child that is unexpected by history and in which a thorough postmortem examination fails to identify a specific cause of death [2] . With the recognition that SIDS and asphyxia are different entities but are indistinguishable at autopsy, an expert panel amended the definition in 1989 to include a review of the case history and an investigation of the death scene [3] . As a diagnosis of exclusion, only after these inquires and an autopsy have been completed and fail to reveal any other cause of death can a case be labeled a SIDS death.
Sudden infant death syndrome is the most common cause of death in infants from one to six months of age, with a peak age between two and four months [4] . Often, the infant is found unresponsive after being put to bed in a usual fashion. Invariably, resuscitation has been attempted by trained parents/relatives, emergency personnel through 911 calls, or individuals at local pediatric offices or emergency departments. The infants may be found with clenched fists, discharge from the nose or mouth, and mottling.
Recent epidemiology
Although SIDS remains the most prevalent cause of postneonatal infant mortality in the US [5], the incidence has been falling. Studies published this year have shown a decrease by one-third to one-half the reported SIDS rates between the late 1980s and the late 1990s [6•,7,8] This sharp decline in the incidence of SIDS has been attributed to large scale efforts by the AAP. The Back to Sleep era led to changes in infant sleep position, specifically to the documented decrease in the prevalence of prone sleeping, and a subsequent statistically significant decrease in the incidence of SIDS [8] [9] [10] . Recent studies have shown a similar trend in other countries as well [11] [12] .
Although trends toward supine sleeping are likely to have been most influential in the decline in SIDS incidence, additional factors also may be playing a role. Maternal smoking, a known risk factor for SIDS, has decreased during the past decade, and this may also be contributing to the decline [6•]. Others have noted that the decrease in numbers may reflect recent exclusions of intentional and accidental suffocation cases, based on the newer definition of SIDS mentioned above [7] [8] .
It is worth noting that the tremendous gains that have been made in reducing SIDS deaths have not been seen uniformly across all groups. Compared with population averages, the decrease in SIDS incidence for African-American and low birthweight infants is less pronounced, and may even have increased in the latter group. A higher prevalence of prone sleeping in both groups and changes in survival of premature and low birth weight infants secondary to advances in neonatal care may in part explain these trends [6•,13] .
Risk factors
In order to further reduce the incidence of SIDS, those factors that increase an infant's risk must first be identified (Table 1) . This section highlights epidemiologic, behavioral, and environmental variables that have been reported to affect the risk of SIDS; the next section then explores the proposed pathophysiologic mechanisms that ultimately lead to infant death.
Epidemiologic studies have highlighted populations that are at increased risk for SIDS. Race and ethnicity have been so correlated, with the black and American Indian populations at the greatest risk, followed by whites, and then finally the Latin American population [5] . Gender seems to play a small role with male infants having only a slightly increased risk. Numerous maternal factors have been associated, including no/late prenatal care, young maternal age, and single marital status [5, 11] . As mentioned previously, low birth weight and premature infants are also at increased risk of SIDS [6•].
Although a number of these epidemiologic risk factors cannot be changed, many behaviors could potentially be modified to reduce the risk of SIDS. For example, 20% of infants in the United States still sleep prone [4] , and recent studies suggest that a majority of SIDS victims are found prone at the time of discovery [8, 11] . Back to Sleep campaigns have shown that changing sleep position can be effective, yet one in five infants is still at increased risk. There has been recent debate about the role of side sleeping, as some studies have shown increased risk when compared with supine sleeping. [18] . The response from the AAP Task Force has been to remove the "[side sleeping is a] reasonable alternative" statement from the Task Force Recommendations as well as the picture illustrating side position from the Back to Sleep brochure [4, 10] . The current consensus is that supine sleeping confers the greatest risk reduction and should be emphasized, with side sleeping being safer than prone [14, 15] .
Smoking is another modifiable risk factor for SIDS. Two recent studies showed that children born to women who smoked during pregnancy have more than double the risk of SIDS compared with nonsmokers [5, 16] . Current data do not provide unequivocal evidence for a dosedependent relationship, nor are there clear findings about whether passive smoking, paternal smoking, or postnatal smoking play a role [5, 11, 16] . One study did find a statistically significant increased risk of SIDS with paternal marijuana use during conception, pregnancy, and postnatally, but not with maternal drug use during pregnancy [17] . Each of these recent studies acknowledges and addresses limitations in design when asking for retrospective self-reporting of tobacco or drug use.
Bedsharing (co-sleeping) and the risk of SIDS continues to be controversial. On one hand, bedsharing may increase breastfeeding, however, it may also increase exposure to maternal or paternal smoking and exposure to softer beds, nonbreathable quilts, and pillows making it potentially dangerous. A Norwegian study showed an increase in the number of SIDS victims who were cosleeping, however the prevalence of co-sleeping increased in both the SIDS and the control groups, making it difficult to clearly identify it as a risk factor [11] . Consistent with this data, the AAP Task Force position on bedsharing recognizes the lack of evidence that bed sharing reduces the risk of SIDS, and further cautions against circumstances that might be harmful to infants. Such risks include: co-sleeping with nonparents or with parents who are smoking or using any sedating agent, and any sleeping arrangement that conceivably could result in infant entrapment [4] .
Entrapment and suffocation may explain in part the risk of SIDS for infants exposed to soft bedding. Based on a recent study, the Consumer Product Safety Commission has issued warnings about the dangers of bedsharing and of placing infants to sleep alone on beds intended for adults [18] . Similarly, the AAP cautions parents against the use of adult beds, pillows, comforters, and sheepskins, particularly when infants are placed to sleep in the prone position [4] .
Connecting infection with SIDS also has been explored. Generic arguments for an infectious etiology of SIDS note that the greatest risk of SIDS occurs when the immune systems of infants are at their physiologic nadir, and that many SIDS victims have increased gamma globulin concentrations and are hyperthermic. Others have aimed to provide evidence that specific infectious agents are risk factors for SIDS. One retrospective study showed a higher incidence of genes for H. Pylori detected by PCR in SIDS cases than in controls. [19] . This study also offers epidemiologic associations and possible pathophysiologic mechanisms by which H. pylori might be related to SIDS. Potential problems in methodology, and possible flaws in the author's proposed pathophysiologic explanations have led to continued public discussion of the validity of these claims [20] [21] [22] [23] . A group from Chile used PCR to show that P. carinii is more common in the lungs of SIDS victims than in infant controls [21] . Similar to the H. pylori study, these authors also cite background studies and propose possible mechanisms for how P. carinii might cause unexpected infant death [24] .
Intriguingly, recent studies suggest that the use of a pacifier may actually lower the risk of SIDS [11,25]. Franco's work shows that pacifier use decreases auditory arousal thresholds, which may be protective for infants. Pacifier use may also be protective by acting as an oropharyngeal airway that allows infants to use mouth breathing and protects against airway obstruction [26] . Despite this data, there is no evidence that pacifier use will prevent SIDS. Moreover, because pacifier use has been associated with decreased duration of breastfeeding, increased susceptibility to otitis media, and increased risk of dental malocclusion, the most recent AAP Task Force publication does not make specific recommendations regarding pacifier use [4] .
There also have been recent suggestions that discoverable, underlying causes of infant deaths are currently being called SIDS. For example, according to Drs. Albers and Levy, postmortem blood and liver specimens from infants diagnosed with SIDS were found to have evidence of medium-chain acyl-CoA dehydrogenase deficiency (MCADD) and other fatty acid oxidation disorders [27] . The AAP Committee on Child Abuse and Neglect highlights our need to be cognizant of the possibility of abuse and to look for "red flags" in a patient's history which may be suggestive of such, but also to be sympathetic to the parents who may have just lost their child because of medical and public health factors beyond their control [29••] .
Proposed mechanisms
The information available to date suggests that SIDS cases are not likely to be explained by a single biological vulnerability or environmental factor, but rather reflect some combination of causes. Nonetheless, in an effort to better understand why SIDS occurs, researchers continue to investigate various pathophysiologic mechanisms by which SIDS victims might have died. The current leading hypotheses include: decreased arousal, asphyxia and rebreathing, and thermal stress.
Previous studies comparing SIDS cases with controls have shown that SIDS infants would wake less frequently to feed, move less in their sleep, and even sleep longer than controls. These behaviors have led some to believe that decreased arousal may be the underlying pathophysiology in SIDS deaths. More recently, two studies have linked prone sleeping with decreased arousal, in an effort to explain why prone sleeping may be a risk factor for SIDS. A group from Belgium followed sleep patterns in infants for two consecutive nights, one night sleeping supine and the other night sleeping prone [30] . Their data show that prone sleep was associated with longer sleep time, longer obstructive events, decreased behavioral arousal, longer time until arousal after obstruction, and overall decreased reaction (arousal or sigh) to events. Horne and colleagues used a different standard to measure arousal thresholds in infants at 2 to 3 weeks, 2 to 3 months, and 5 to 6 months of age [31] . They found that arousal thresholds were significantly higher in both active and quiet sleep for prone sleeping term infants in the two younger age groups, but not at 5-6 months, which may reflect the decreasing SIDS risk by the latter ages.
Some biological evidence also exists for decreased arousal as a basis for SIDS. Studies have highlighted biochemical abnormalities in SIDS victims secondary to immaturity in the arcuate nucleus of the medulla, a region thought to be important for appropriate physiological responses to carbon dioxide levels [32] . Further work on the biochemical differences in SIDS victims has focused on differences in serotonin, a neurotransmitter with potent excitatory function in many areas of the brain including areas of respiratory control. A Japanese group was able to show differences in genotype distribution and allele frequency of the promoter region of the gene encoding for a serotonin transporter in SIDS victims versus controls, which may explain differences in ventilatory, circulatory, and arousal responsiveness 
Continuing efforts
"The postmortem diagnosis, SIDS, was introduced midway during the 20 th century. However, not until the past decade has there been any substantial progress toward prevention or hope for a cure" [36] . Although we have made great progress in reducing the incidence of SIDS, continued efforts are needed. First, although the Back to Sleep campaign has shown how public education can impact the incidence of SIDS, a significant percentage of SIDS victims continue to be put to bed in the prone position. We need to clearly emphasize the importance of supine sleeping, and pursue continued educational interventions aimed at further reducing the number of infants whose sleeping position places them at increased risk. Second, we should target other modifiable risk factors that might also reduce the incidence of SIDS, such as over wrapping and overheating an infant, using soft sleep surfaces, and maternal smoking. Lastly, we need to target our efforts at the populations at greatest risk for SIDS, namely black infants and neonatal intensive care unit (NICU) graduates. Ongoing investigation into risk factors and potential etiologies of SIDS, coupled with efforts to translate such information into effective interventions can further our progress in protecting families from these tragic losses.
